Taking FGD gypsum as raw materials, gypsum whisker was prepared by using hydrothermal method. The effects of reaction temperature, reaction time, desulfurization gypsum slurry concentration and pH value on the growth of gypsum whisker were deeply researched. The optimum conditions for the preparation were that the reaction temperature was 140 ℃ ~ 145 ℃, reaction time was 200 ~ 240min, the slurry concentration was 13% ~ 15% and the slurry pH value was between 4.5 and 5. In this paper, an aspect ratio model formula of calcium sulfate whisker can be expressed as Average aspect ratio = 15.89x -0.13y + 14.74z -63.26m -0.06x 2 -0.14z 2 -0.81m 2 -0.08xz + 0.38xm -0.01yz + 0.01ym + 0.67zm -1043.89, the sign x denotes reaction temperature,℃; y denotes reaction time, min; z denotes slurry concentration, %; m denotes pH value of the slurry.
INTRODUCTION
Gypsum whisker is a fibrous single crystal generated by the high temperature reaction using natural gypsum or industrial by-product gypsum [1, 2] . It has many advantages, such as high temperature resistance and chemical resistance, high toughness and strength, it can be easy to surface treatment and strong affinity with polymer [3, 4] . Gypsum whisker both can improve the tensile strength of material and the modulus of elasticity when it is used as reinforcing component for material, such as plastic, nylon, polyurethane and rubber, and also can be used in friction materials, building materials, sealing materials and insulation materials to replace the asbestos which is harmful to health. It is an excellent and inexpensive green material, with strong market competitiveness [5] .
In this paper, FGD gypsum was used as raw material to prepare gypsum whisker by hydrothermal synthesis. Through four factors five-level orthogonal experimental, we comprehensive studied on the reaction temperature, reaction time, concentration of slurry and slurry pH during the preparation processing, and observed the aspect ratio of calcium sulfate whisker by using SEM. We explored the impact of various preparation conditions on the aspect ratio, and obtain a prepared model formula, in order to provide some theoretical guidance for the industrial production of calcium sulfate whisker.
EXPERIMENTAL RESULTS AND DISCUSSION
Gypsum whiskers prepared under different conditions were observed with SEM. We analyzed their morphology and draw an average aspect ratio. The results were shown in Table I .
Further analyzing the aspect ratio of gypsum whisker by soft, and come to the curved surface of gypsum whisker (Fig 1) . Fig 1(a) demonstrated the interactive influence of the reaction temperature and reaction time, when the reaction temperature was 140 C ~ 145 C and the reaction time was 200 ~ 240 min, the aspect ratio reached the maximum value. Fig 1(b) reflected the intercrossing influence of reaction temperature and concentration of slurry, when the reaction temperature was 140 C ~ 145 C, the slurry concentration was 13% to 15%, the aspect ratio achieved the maximum. For the interaction of reaction temperature and pH in the slurry shown in Fig 1(c) , when the reaction temperature was 140 C ~ 145 C, the slurry pH was 4.5 to 5, the aspect ratio was the largest. And so on, through interaction analysis of the figures, we can draw the optimal reaction condition to prepare gypsum whiskers: The reaction temperature was 140 C ~ 145 C, the reaction time was 200 ~ 240min, the slurry concentration was 13% ~ 15%, the slurry pH was 4.5 to 5, in this case the aspect ratio of the gypsum whisker can reach the maximum.
By analyzing the aspect ratio of gypsum whisker, it can be observed that with the reaction temperature increasing, the gypsum whisker length to diameter ratio showed a trend of increased and then decreased. This may be when the temperature was too high, the whisker growth too fast to sufficient. With increase of reaction time, the aspect ratio of gypsum whisker increased first and then decreased. There was enough time to support them growing slowly and complexly, but they may change the grown direction, from increasing in the axial direction to thickening in the radial direction, because it was too long, there may even be a secondary crystallization phenomenon. The higher the concentration of slurry, the more growth primitives, whisker's aspect ratio would increase, too. However, if the slurry concentration was too high, the migration rate of calcium sulfate ion would reduce, and calcium sulfate crystals nucleation rate decreased. If the growth rate reduces, it is easy to produce secondary nucleation, resulting in the aspect ratio reduced. It was probably that the impurities in gypsum could become passive or sensitization with the slurry pH changing, so gypsum whisker also showed a decreasing trend after the first increase. At the different pH, the adsorption capacity of impurities in the periphery on the steps of screw dislocations was different, and this directly result the different between the growth rate in the longitudinal direction and the diameter direction. Therefore, the phenomenon that the aspect ratio first increases and then decreases with slurry pH increasing can appear. 6  22  6  130  120  10  4  20  7  130  180  15  5  27  8  130  240  18  6  24  9  130  270  20  2  21  10  130  300  5  3  22  11  140  120  15  6  31  12  140  180  18  2  24  13  140  240  20  3  32  14  140  270  5  4  29  15  140  300  10  5  41  16  150  120  18  3  26  17  150  180  20  4  32  18  150  240  5  5  45  19  150  270  10  6  51  20  150  300  15  2  37  21  160  120  20  5  10  22  160  180  5  6  6  23  160  240  10  2  5  24  160  270  15  3  3  25  160  300  18  4  3 x--reaction temperature; y--reaction time; z--slurry concentration; m--slurry pH Figure 1 . The curved surface of gypsum whisker.
In order to explain more specific and accurate the aspect ratio of gypsum whisker under different preparation conditions，the stepwise regression method was used in the multiple linear regression to modelling for the data. Compared the four factors according to the influence on the aspect ratio, and through a statistical method of F test, a model formula of the preparation conditions of gypsum whisker was established.
Average aspect atio = 15.89x -0.13y + 14.74z -63.26m -0.06x 2 -0.14z 2 -0.81m 2 -0.08xz + 0.38 xm -0.01yz + 0.01ym + 0.67zm -1043.89 (x-reaction temperature, C; y-reaction time, min; z-slurry concentration, %; mslurry pH value) This formula linked the four factors together, include the reaction temperature, reaction time, concentration of slurry, and the slurry pH value. The formula not only react the influence of various factors on the aspect ratio more accurately and intuitively, but also can estimate the aspect ratio of gypsum whisker for different preparation conditions, in some degree. In addition, the variable coefficient intuitively react which variable have the most influence on the aspect ratio of gypsum whiskers. We also known from the formula, the slurry pH and reaction temperature have a more influence on the aspect ratio, which provide a reference for gypsum whisker preparation in the future. 
CONCLUSIONS
(1) The aspect ratio of gypsum whiskers showed an increasing trend and then decreasing, whatever the reaction temperature elevated, or the reaction time extended, or concentration slurry improved, or the slurry pH value increased. When the reaction temperature was 140 ℃ ~ 145 ℃, the reaction time was 200 ~ 240min, the slurry concentration was 13% ~ 15%, the slurry pH was between 4.5 and 5, the aspect ratio of the calcium sulfate whisker can reach the maximum.
(2) The model formula of the aspect ratio of gypsum whisker: average aspect ratio = 15.89x -0.13y + 14.74z -63.26m -0.06x2 -0.14z2 -0.81m2 -0.08xz + 0.38xm -0.01yz + 0.01ym + 0.67zm -1043.89, the sign x denotes reaction temperature,℃; y denotes reaction time, min; z denotes slurry concentration, %; m denotes pH value of the slurry.
